X-Prolyl dipeptidyl-aminopeptidase activity was found in human urine by a sensitive fluorescence assay in which a new fluorogenicsubstrate,7-glycylproline-4-methylcoumarinamide, is used. The Km value was 2.9 X 10 mol/liter, and the optimum pH was 8.7 in glycine-NaOH buffer. The enzyme activity was stable at 4 #{176}C for at least five days. On Sephadex G-200 column chromatography, normal human urine showed a main peak with an approximate relative molecular mass of 400 000. The procedure is simple, rapid, and accurate. is a dipeptidyl-aminopeptidase that cleaves N-terminal Xproline and is highly specific for the second-from-terminal amino acid praline. This enzyme was discovered by Hopsu-
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and Glenner in rat liver and kidney by using a newly synthesized substrate glycyl-proline 13-naphthylamide (1), and it was purified from hog kidney (2-4), lamb kidney (5), and human submaxillary gland (6) . A homogeneous enzyme from human submaxillary gland was shown to hydrolyze the peptide bond between N-terminal glycylproline and adjacent amino acids or peptides, including alanine, leucine, glutamic acid, and leucylglycylproline, but not proline or hydroxyproline (7) . We synthesized various dipeptide p-nitroanilides having a sequence of X-proline p-nitroanilide as new chromogenic substrates to develop a new spectrophotometric assay for the activity of X-prolyl dipeptidyl-aminopeptidase, and we showed that a homogeneous enzyme from human submaxillary gland hydrolyzed various X-proline p-nitroanilides to produce X-proline. Glycylproline p-nitroanilide had the highest activity among the substrates, followed by p-nitroanilides of alanine, lysine, arginine, glutamic acid, and aspartic acid in a decreasing order (8) .
We found the enzyme in human serum (9) (10) (11) and saliva (12) by using glycylproline 3-naphthylamide and X-proline p-nitroanilides, especially glycylproline p-nitroanilide, as substrate, and we showed that the activity of the enzyme in serum was abnormally high in patients with hepatobiliary diseases and was decreased in patients with gastric cancer (10,
11).
We have chosen p-nitroanilides of X-proline rather than the -naphthylamines, since 9-naphthylamine is carcinogenic and so is not suitable for routine use for the assay of the enzyme. Glycylproline p-nitroanilide was found to be a very convenient chromogenic substrate for the assay of the enzyme in serum and tissues.
We have examined whether or not the enzyme is excreted in urine. However, the photometric assay with use of glycylproline p-nitroanilide is not sensitive enough to demonstrate the enzyme in urine. We have recently synthesized a new fluorogenic substrate for X-prolyl dipeptidyl-aminopeptidase, 7-glycylproline-4-methylcoumarinamide, and we have developed a simple and highly sensitive fluorometric assay for this enzyme activity. By using this new fluorometric method, the enzyme was proved to be present in normal human urine and cerebrospinal fluid (13, 14) . This paper describes the assay method of the enzyme activity in human urine, properties of the urinary enzyme, and normal values for it.
Materials and Methods
A new fluorogenic substrate for X-prolyl dipeptidyl-aminopeptidase, 7-glycylproline-4-methylcoumarinamide tosylate, was synthesized in our laboratory.2 The method of synthesis and the properties of the substrate will be reported elsewhere (14) . X-Prolyl dipeptidyl-aminopeptidase in human submaxillary gland was purified to a nearly homogeneous form from the materials obtained at autopsy by a procedure described previously (6) .
Twenty-four-hour urines were collected without additive, at 4 #{176}C. The first morning urines were used to measure the normal values for 162 subjects.
The enzyme activity in human urine for the hydrolysis of 7-glycylproline-4-methylcoumarinamide was assayed, based on the fluorometric measurement of 7-amino-4-methylcoumarin liberated from the fluorogenic substrate. The experimental tube contained (total volume, 100 l): 40 rl of 0.15 mol/liter glycine-NaOH buffer (pH 8.7), 25 l of 2 mmol/liter 7-glycylproline-4-methylcoumarinamide tosylate, 10 cl of urine as the enzyme source, and 25 l of water. The blank and standard tube contained water and 300 pmol of 7-amino-4-methylcoumarin, instead of enzyme, respectively. The control tube contained no enzyme. All the tubes were incubated at 37 #{176}C for 30 mm, and the reaction was stopped by adding 1.0 ml of 1 mol/liter sodium acetate buffer, pH 4.2. The same amount (10 il) of urine was added to the control, after stopping the
One unit of enzyme activity was defined as the amount of enzyme catalyzing the formation of 1 Mmol of 7-amino-4-methylcoumarin per minute (IUB unit, U).
Creatinine was determined by the method of Bonsnes and Taussky (15) .
The enzymatic hydrolysis of 7-glycylproline-4-methylcoumarmnamide was determined also by paper chromatography. The incubation mixture used for the detection by paper chromatography contained (total volume, 280 Ml): 50 M1 of enzyme, 30 Ml of 0.2 mol/liter potassium phosphate buffer (pH 7.0) or 0.2 mol/liter glycine-NaOH buffer (pH 8.7), and 200 Ml of 5 mmol/liter 7-glycylproline-4-methylcoumarinamide as substrate. Incubation was at 37 #{176}C for 3 h. Boiled enzyme was used as control. A 20-Ml portion of the supernate was applied on Whatman No. 3MM paper. Paper chromatography was carried out with the solvent system n-butanol/formic acid/water (20/6/5 by vol). The chromatograms were developed with a 2 g/liter solution of ninhydrin in acetone/pyridine (94/6 by vol).
For Sephadex G-200 column chromatography of human urine we used tris(hydroxymethyl)aminomethane buffer (20 mmol/liter, pH 7.5) containing 0.1 mol of NaCl per liter, for both equilibrium and elution. The size of the column was 2.6 X 86 cm; the flow rate 20 mI/h. For the determination of approximate relative molecular mass by gel filtration, apoferritin (Mr 480 000), catalase (240 000), bovine serum albumin (dimer   30   35 130 000, monomer 67 000), and chymotrypsinogen (25 000) were used as standard protein molecules, and the relative molecular mass was determined according to the method of Whitaker (16) . X-Prolyl dipeptidyl-aminopeptidase activity was shown to be present in normal human urine by use of a newly synthesized fluorogenic substrate, 7-glycylproline-4-methylcoumarinamide.
The enzyme activity was found to be stable for at least five days at 4 #{176}C and at room temperature (about 20#{176}C), but the activity was gradually lost when the urine was stored frozen at -20 #{176}C. The activity was found to be linearly related to time for at least 90 mm at 37 #{176}C (Figure 1) , and to the volume of normal human urine up to 35 Ml (Figure 2 ). The optimum pH was 8.7 in either glycine/NaOH buffer or in Tris/maleate buffer at 37 #{176}C; the former buffer gave a higher activity than the latter. The Km value for 7-glycylproline-4-methylcoumarinamide was 2.9 X 10 mol/liter at pH 8.7 ( Figure 3 ). These properties of X-prolyl dipeptidyl-aminopeptidase in human urine were similar to those of the enzyme 20 in human serum (10).
Partial purification of the enzyme from urine was attempted. When normal urine was fractionated with solid ammonium sulfate, the activity was mainly precipitated be- M of 220 000 appeared after the main peak. The products obtained on incubating 7-glycylproline-4-methylcoumarinamide with human urine enzyme were examined by paper chromatography. The enzyme in human urine was partly separated with ainmonium sulfate (40-80% saturation), and boiled enzyme was used as a control. The ammonium sulfate-fractionated enzyme was dialyzed against a large volume of 0.2 mol/liter potassium phosphate buffer (pH 7.0) for a few hours. Homogeneous enzyme from human submaxillary gland was also used for comparison. Glycylproline (RF = 0.34), together with the residual substrate, 7-glycylproline-4-methylcoumarmnamide (RF = 0.66), was identified on the chromatogram with ninhydrin; glycine and proline were not observed.
The limit of sensitivity of the assay was 5 pmol of 7-amino-4-methylcoumarin liberated by the enzyme reaction, and enzyme activity could be measured even in 0.1 Ml of normal human urine. The total time for the assay, done singly or as a group of specimens, is about 2 h. The reproducibility of the assay, as assessed with replicates of the same sample, was 100 ± L6% (SD for five determinations).
Analytical recovery studies were done to show that urine may be used directly, without any isolation procedures. When homogeneous enzyme preparations from human submaxillary glands were added to urine, 98 ± 3.6% (SD for three determinations) of the activity could be accounted for, implying that this method is free from interference and that urine may be used without any isolation procedure.
We examined within-day and day-to-day variations of the urinary enzyme activity in a normal 37-year-old man. The assay was repeated four times during one month (Table 1) . The activity appears to be fairly constant, both within-day and on successive days,fora givennormal individual, especially when expressed on the basis of urinary creatinine. As shown in Table 1 , mean values of the enzyme activity were not significantly different between samples of the first morning urine, 7:30-14:00 urine, 14:00-20:00 urine, and 24-h urine.
Based on these results, the range of the urinary enzyme activity in 162 normal subjects was examined, with use of the first morning urines (Table 2) . It was 4.30 ± 0.13Mmol/min per gram of creatinine or 2.16 ± 0.09 izmol/min per liter of urine (mean ± SE, n = 162). The values from subjects younger than 40 years (the younger group) were compared with those from subjects over 40 years old (the older group). The activities per gram of creatinine for older women and the total older group (men plus women) were significantly (P <0.005) higher than those of the younger. The activities per gram of creatinine for all the women as a group were significantly (P < 0005) higher than those of total males. The enzyme activities, based on urinary creatinine for the 162 normal subjects, are evidently distributed normally; 73% of all the values lie within the range of ±1 SD (1.7 Mmol/min per gram of creatinine), 95% of all the values lie within the range of ±2 SD, and 995% of all the values lie within the range of ±3 SD.
Discussion
Although the physiological role of X-prolyl dipeptidylaminopeptidase is not yet clear, one function of the enzyme may be the cleavage of N-terminal glycyiproline from the peptides derived from collagen. Glycylproline is hydrolyzed to glycine and proline by imidopeptidase (8) .
In the present study, the presence of X-prolyl dipeptidylaminopeptidase in urine was first confirmed by using a highly sensitive fluorometric assay with a newly synthesized fluorogenic substrate, 7-glycylproline-4-methylcoumarinamide.
The properties of the human urinary enzyme are similar to those of the human serum enzyme (11) . However, a significant difference was the higher relative molecular mass of the human urinary enzyme as compared with the relative molecular mass of human serum enzyme, as judged by the gelfiltration column chromatogram of Sephadex G-200. Urine enzyme appeared after the void volume at a position corresponding to about Mr 400 000. A very small peak with an approximate Mr of 220 000 appeared after the main peak, and this may correspond to the molecular weight ofhuxnan serum enzyme (11) . These results strongly suggest that enzyme in human urine may be mainly derived from the kidney and not from the serum. The Mr of pig kidney enzyme was reported to be 280 000 (4), but a different Mr (230 000) was reported by Barth et al. (3) . The properties and relative molecular mass of X-prolyl dipeptidyl-aminopeptidase in human kidney is now under investigation.
The present assay method for X-prolyl dipeptidyl-aminopeptidase with 7-glycylproline-4-methylcoumarinamide as substrate is highly sensitive; only 10 Ml of human urine suffices for the assay and activity can be measured in as little as 0.1 Ml of normal human urine. The presence of multiple interfering substances in urine frequently interferes with assay of enzymes. Therefore, dialysis, gel filtration, or, more recently, ultrafiltration is used to separate enzymes from all activators or inhibitors (16) . However, inthepresent assay it is possible to use urine directly without any preliminary procedure, as shown by analytical recovery of the homogeneous enzyme from human submaxillary gland added to urine. The enzyme appears to be very stable; no change of activity was found to occur for up to five days at 4 #{176}C. Within-day and day-to-day variations of the urinary enzyme activity, especially when expressed in terms of urinary creatinine, in a given normal individual appears to be fairly constant, and the activity, based on creatinine, of the first morning urine may be substituted with that ofthe24-hurine, as shown in Table 1 . The assay procedure is simple, rapid, and accurate. Therefore, measurement of the urinary enzyme activity may be useful for clinical purposes, as a diagnostic aid.
